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(57) ABSTRACT

The present disclosure relates to a synthetic vegetable o1l
and an environmental-friendly flame-retardant hydraulic o1l
composition mcluding the same, and a preparation method
thereol, and provides a method of preparing a glycerin-ester-
based lubricating base oil through a catalyst-free and rins-
ing-free process, a glycerin-ester-based lubricating base o1l
that 1s a synthetic vegetable o1l obtained by the method, and
an environmental-friendly flame-retardant hydraulic o1l
composition that contains the glycerin-ester-based lubricat-
ing base o1l and that i1s capable of reducing electricity
consumption by 7 to 8% compared to mineral oil-based
lubricating oils due to excellent flame retardancy (with
self-extinguishing function) and lubricity.
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SYNTHETIC VEGETABLE OIL AND
ENVIRONMENTAL-FRIENDLY
FLAME-RETARDANT HYDRAULIC OIL

COMPOSITION INCLUDING THE SAME,
AND PREPARATION METHOD THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national stage entry of Interna-
tional Application No. PCT/KR2021/001133, filed Jan. 28,
2021, which claims priority to Korean Application No.
10-2020-0012105, filed Jan. 31, 2020, and Korean Applica-
tion No. 10-2020-0071692, filed Jun. 12, 2020, the entire

disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a synthetic vegetable o1l
and an environmental-friendly flame-retardant hydraulic o1l

composition mncluding the same, and a preparation method
thereof.

BACKGROUND ART

In the process of industrial development, emphasis on
aflinity for the natural environment and humans, energy
reduction measures, and guarantee of stable operation of
equipment are mevitably essential conditions, so the supply
of lubricating oils that may more actively cope with these
conditions have been demanded. However, 1t may be a very
difficult task i1n the (mineral lubricating o1l) lubricating o1l
industry (especially hydraulic oil) where a large amount of
petroleum refined products 1s used. In the meantime,
research using glycerine-esters and lubricating oils based on
vegetable oils developed domestically and internationally
has been reported. However, 1in the research, vegetable oil
itsellf was used (Korean Laid-Open Patent Publication No.
1996-0029441), or various alcohols and fatty acids were
used, but catalyst synthesis method was followed by wash-
ing with water (U.S. Pat. No. 6,551,523).

The most difficult thing 1n the lubricating o1l using veg-
ctable o1l itself 1s that 1t cannot overcome stability defects
against heat and oxidation due to the high content of
unsaturated hydrocarbons that the vegetable o1l has. Even
though the content of unsaturated hydrocarbons 1s adjusted,
by the catalyst used according to the ester synthesis method
in the related art and washing treatment of alkaline materials
with water, 1t 1s common for traces of residues (catalysts,
alkali materials) to remain, and thus it causes a very bad
ellect of stability defects against hydrolysis and formation of
foreign substances. Therefore, the limitations of eco-friendly
lubricating oils using vegetable oil 1tself occur and the
compatibility 1s not great.

In this respect, example embodiments of the present
disclosure relate to a preparation process for providing a
glycerin-ester and a hydraulic o1l including the same, 1n
which the glycerin ester 1s synthesized using fatty acid and
glycerin derived from vegetable o1ls and through a catalyst-
free and rinsing-free process, which not only dramatically
improves 1ssues arising in the process of using hydraulic o1ls
(lubricating oils), with being further improved and devel-
oped 1n comparison with the related art, but also guarantees
expansion of application areas as hydraulic oils and exten-
sion of a service life, and satisfies a tool life and energy
savings.
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2
DISCLOSURE OF INVENTION

Technical Subject

To solve the above-described problems, example embodi-
ments of the present disclosure provide a method of prepar-
ing a glycerin-ester-based lubricating base o1l which may
synthesize an environmental-friendly vegetable glycerin
ester using glycerin and fatty acid derived from vegetables,
through a catalyst-free and rinsing-iree synthesis process.

Example embodiments of the present disclosure provide a
method of preparing of a flame-retardant hydraulic o1l
composition using the environmental-friendly vegetable
glycerin-ester obtained by the method of preparing a glyc-
erin-ester-based lubricating base o1l according to the present
disclosure, 1 which the flame-retardant hydraulic o1l com-
position 1s environmental-friendly and flame-retardant, has a
good afhinity for a human body because biodegradation by
microorganisms 1s possible, and has an energy saving effect
even when equipment 1s driven.

To solve the above-described problems, example embodi-
ments of the present disclosure provide a glycerin-ester-
based lubricating base o1l including a glycerin-ester which 1s
an environmental-friendly synthetic vegetable o1l using
glycerin and fatty acid derived from vegetables, through a
catalyst-free and rinsing-free synthesis process.

Example embodiments of the present disclosure provide
an environmental-friendly flame-retardant hydraulic o1l
composition using the environmental-friendly vegetable
glycerin-ester according to the present disclosure, 1n which
the environmental-friendly flame-retardant hydraulic o1l
composition 1s environmental-friendly and flame-retardant,
has a good athnity for a human body because biodegradation
by microorganisms 1s possible, and 1s excellent 1n physical
properties, so as to contribute to a substantial cost reduction
because 1t has a low risk of fire due to 1ts flame retardancy,
as well as an energy saving eflect, extension of a tool life,
an increase 1n an efliciency of equipment operation, and a
reduction 1n an equipment consumable replacement cycle,
even when equipment 1s driven 1n 1industnal sites, and so as
to respond to regulation of carbon emission.

However, aspects of the present disclosure are not limited
to the one set forth herein, and other aspects not mentioned
herein would be clearly understood by one of ordinary skall
in the art from the following description.

Technical Solutions

According to an aspect, there 1s provided a method of
preparing a glycerin-ester-based lubricating base o1l 1includ-
ing a step of adding a fatty acid-containing raw material and
a glycerin-containing raw material to a reactor, and a step of
synthesizing a glycerin-ester in an inert gas atmosphere and
a reaction temperature of 100° C. to 350° C. 1n the reaction,
wherein the method 1s a catalyst-free and rinsing-iree pro-
CEesS.

According to an example embodiment, the reaction tem-
perature may have a plurality of temperature sections, and an
amount of the inert gas to be added ranges from 10 liters to
1000 liters per minute, based on the synthesis amount of
10000 liters, and may be adjusted depending on the tem-
perature sections.

According to an example embodiment, the reaction tem-
perature may be raised to 50° C. when a free fatty acid (FFA)
content 1s reduced by 50%, and the amount of the gas to be
added may be increased by 50% or more when the FFA
content 1s reduced by 50%.
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According to an example embodiment, the step of syn-
thesizing the glycerin-ester may terminate the synthesis
when the FFA content 1s 1.0 or less or 0.5 or less.

According to an example embodiment, the reaction tem-
perature may include at least one of a first temperature
section of 100° C. to 180° C., a second temperature section
of 200° C. to 230° C., and a third temperature section of
250° C. to 350° C.

According to an example embodiment, the amount of the
mert gas to be added may include at least one of a first
amount of 10 liters to 30 liters to be added per minute, a
second amount of 50 liters to 150 liters to be added per
minute, and a third amount of 150 liters to 1000 liters to be
added per minute, based on the synthesis amount of 10000
liters.

According to an example embodiment, the step of per-
forming the synthesis process may be carried out at an
atmospheric pressure (760 mmHg) to a reduced pressure
(360 mmHg).

According to an example embodiment, the fatty acid-
containing raw material may be extracted from a natural
vegetable oi1l, and may contain one or more of C10 to C22
fatty acids.

According to an example embodiment, a mass ratio of
first fatty acid to the other fatty acids in the fatty acid-
containing raw material may range from 99:1 to 1:99 or 99:1
to 75:25.

According to an example embodiment, the fatty acid-
containing raw material may contain a unsaturated fatty acid
of 75% by weight (wt %) or more in the {fatty acid-
containing raw material.

According to an example embodiment, the fatty acid-
containing raw material may contain a polyunsaturated fatty
acid of 20 wt % or less 1n the fatty acid-containing raw
material.

According to an example embodiment, the fatty acid-
containing raw material may contain a C18 unsaturated fatty
acid of 75 wt % or more or a C18 polyunsaturated fatty acid
of 20 wt % or less 1n the fatty acid-containing raw material.

According to an example embodiment, the glycerin-ester
may be represented by the following Formula 1:

|Formula 1]

In Formula 1, R,, R, and R, are each a C8 to C20

saturated or unsaturated fatty acid residue.

According to another aspect, there 1s provided a method
of preparing a flame-retardant hydraulic o1l composition
including a step of synthesizing a glycerin-ester using the
method for preparing a glycerin-ester-based lubricating base
o1l according to the present disclosure and a step of prepar-
ing a hydraulic o1l composition by blending the glycerin-
ester and a flame-retardant additive.

According to an example embodiment, the tlame-retar-
dant additive may be included 1n an amount of 0.01 wt % to
10.0 wt % 1n the flame-retardant hydraulic oil.
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According to an example embodiment, the tflame-retar-
dant additive may be a phosphor-based or halogen-based
flame-retardant additive, and the phosphor-based or halo-
gen-based flame-retardant additive may include one or more
of tricresyl phosphate, tributyl phosphate, Tris (p-chloro-
cthyl) phosphate, Tris ([3-chloropropyl) phosphate, Tris (di-
chloropropyl) phosphate, trioctyl phosphate, triphenyl phos-
phate, octyl diphenyl phosphate, Tris (1sopropylphenyl)
Phosphate and tributoxyethyl phosphate.

According to an example embodiment, the flame-retar-
dant hydraulic o1l may further include one or more func-
tional additives prepared from the group of an antioxidant,
an anti-load and anti-abrasive enhancer, a thickener, a cor-
rosion inhibitor and an antifoaming agent, and the additive
may be contained 1n an amount of 0.1 wt % to 10 wt % 1n
the flame-retardant hydraulic o1l individually or entirely.

According to an example embodiment, the flame-retar-
dant hydraulic o1l may have a kinematic viscosity of 10
mm-~/sec to 200 mm~/sec at 40° C.

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may include two or more types,
when two or more types of the glycerin-ester-based lubri-
cating base o1l are included, a mass ratio of one glycerin-
ester-based lubricating base o1l to the other glycerin-ester-
based lubricating base o1l may range from 90:10 to 75:25 or

90:10 to 50:50.

According to another aspect, there 1s provided a glycerin-
ester-based lubricating base o1l including a glycerin-ester
formed by a reaction of glycerin with a fatty acid-containing
raw material that contains one or more of C10 to C22 fatty
acids and that 1s extracted from a natural vegetable oil.

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may be obtained through a rins-
ing-free process by reacting the fatty acid-containing raw
material with the glycerin under a catalyst-iree condition in

an 1nert gas atmosphere and at a reaction temperature of
100° C. to 350° C.

According to an example embodiment, a mass ratio of
first fatty acid to the other fatty acids in the fatty acid-
containing raw material may range from 99:1 to 1:99 or 99:1

to 75:25.

According to an example embodiment, the fatty acid-
containing raw material may have a mass ratio of C10 to
C12 fatty acids of 75 wt % or more for a synthesis of a
low-viscosity glycerin-ester-based raw material having a
kinematic viscosity of 20 mm?®/sec or lower, and a mass ratio
of C18 to C20 fatty acids of 70 wt % or more for a synthesis
of a high-viscosity glycerin-ester-based raw material having
a kinematic viscosity of 30 mm?/sec or higher.

According to an example embodiment, the fatty acid-
containing raw material may contain a monounsaturated
fatty acid of 75 wt % or more 1n the fatty acid-containing raw
material.

According to an example embodiment, the fatty acid-
containing raw material may contain a polyunsaturated fatty
acid of 20 wt % or less 1n the fatty acid-containing raw
material.

According to an example embodiment, the fatty acid-
containing raw material may contain a C18 monounsatu-
rated fatty acid of 75 wt % or more or a C18 polyunsaturated
fatty acid of 20 wt % or less in the fatty acid-containing raw
material.

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may have an FFA content (%) of
1.0 or less or 0.5 or less.
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According to an example embodiment, the glycerin-ester-
based lubricating base o1l may have a kinematic viscosity of
10 mm*/sec to 1000 mm=/sec at 40° C.

According to an example embodiment, the glycerin-ester
may be represented by the following Formula 1:

|Formula 1]

In Formula 1, R,, R, and R, are each a C8 to C20
saturated or unsaturated fatty acid residue.

According to another aspect, there 1s provided an envi-
ronmental-friendly flame-retardant hydraulic o1l composi-
tion including a glycerin-ester-based lubricating base o1l;
and a flame-retardant additive, wherein the glycerin-ester-
based lubricating base o1l contains a glycerin-ester formed
by a reaction of glycerin with a fatty acid-containing raw
material that contains one or more of C10 to C22 fatty acids
and that 1s extracted from a natural vegetable oil.

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may include two or more types,
when two or more types are included, a mass ratio of one
glycerin-ester-based lubricating base o1l to the other glyc-
erin-ester-based lubricating base oils may range from 90:10
to 75:25 or 90:10 to 50:50.

According to an example embodiment, the tlame-retar-
dant hydraulic o1l composition may have a kinematic vis-
cosity of 10 mm?/sec to 200 mm~/sec at 40° C.

According to an example embodiment, the flame-retar-
dant additive may be included 1n an amount of 0.01 wt % to
10 wt % 1n the flame-retardant hydraulic o1l composition

According to an example embodiment, the flame-retar-
dant additive may be a phosphor-based or halogen-based
flame-retardant additive, and the phosphor-based or halo-
gen-based tlame-retardant additive may 1nclude at least one
of tricresyl phosphate, tributyl phosphate, Tris ([3-chloro-
cthyl) phosphate (Tris (Pphosphate)), ('Tris p-chloropropyl)
phosphate (Tris (Pphosphate)), Tris (dichloropropyl) phos-
phate, trioctyl phosphate, triphenyl phosphate, octyl diphe-
nyl phosphate, Tris (1sopropylphenyl) Phosphate and tribu-
toxyethyl phosphate.

According to an example embodiment, at least one of an
antioxidant, an anti-load and anti-abrasive enhancer, a thick-
ening and viscosity index enhancer, a pour point depressant,
and a corrosion inhibitor may be further included.

According to an example embodiment, the antioxidant
may be included 1n an amount of 0.1 wt % to 7 wt % 1n the
flame-retardant hydraulic o1l composition.

According to an example embodiment, the antioxidant
may contain at least one of phenylnaphthylamine-based
compounds, aromatic amine-based compounds, phenol-
based compounds, phosphate ester-based compounds, metal
salts of phosphate ester, and sulfur-based compounds.

According to an example embodiment, the thickening and
viscosity index enhancer may be included 1 an amount of
0.01 wt % to 5 wt % 1n the flame-retardant hydraulic o1l
composition, and the thickening and wiscosity 1ndex
enhancer may contain at least one of olefin copolymer,
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polybutene, polyisobutylene, polymethacrylate, polyacry-
late, and ethylene propylene copolymer.
According to an example embodiment, the thickening and

viscosity index enhancer may have a molecular weight of
300 to 10000.

According to an example embodiment, the anti-load and
anti-abrasive additive may be included in an amount of 0.01
wt % to 7 wt % 1n the environmental-friendly flame-
retardant hydraulic o1l composition, and may include an
amine salt-based compound of phosphate ester represented
by Formula 2:

|Formula 2]
RO O
V4
N\
RO O"NXR,,

In Formula 2, R represents hydrogen or a C1 to C10 alkyl
or aryl type hydrocarbon compound, X represents hydrogen
or C1 to C4 hydrocarbon, and n 1s an integer from 1 to 10.

EFFECTS

Example embodiments of the present disclosure may
provide a method of preparing a glycerin-ester-based lubri-
cating base o1l through a catalyst-free and rinsing-free
process, and the method may provide an environmental-
friendly lubricating base o1l and a hydraulic o1l including the
same by synthesizing synthetic vegetable oils that do not
contain any residual catalysts or residual alkaline materials.
Furthermore, example embodiments of the present disclo-
sure may provide an environmental-friendly hydraulic o1l
composition that 1s excellent 1n flame retardancy (low risk of
fire), lubricity, heat/oxidation stability, and other physical
properties, using the glycerin-ester-based lubricating base
o1l.

Example embodiments of the present disclosure may
provide an environmental-friendly lubricating base oil by
synthesizing synthetic vegetable oils with little or no
residual catalysts or residual alkali matenals, through a
catalyst-free and rinsing-ifree process, and provide an envi-
ronmental-friendly hydraulic o1l composition that 1s excel-
lent 1 flame retardancy (low risk of fire), lubricity, heat/
oxidation stability, and other physical properties, using the
glycerin-ester-based lubricating base oil.

Example embodiments of the present disclosure may
provide a flame-retardant hydraulic o1l composition that may
have a good aflinity for a human body due to a hydraulic o1l
used 1n equipment biodegradable by microorganisms, may
reduce an amount of electricity consumed during driving of
the equipment to support a stable contribution to carbon
credits, may be excellent 1n driving of the equipment as well
as a cost reduction caused by an energy reduction, and may
significantly reduce a risk of fire by imparting tlame retar-
dancy.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a result of measuring SRV iriction
coellicients of the hydraulic oils prepared in Examples of the
present disclosure, mineral-based hydraulic oils, and com-
mercially available hydraulic oils according to an example
embodiment of the present disclosure.

FIG. 2A illustrates a comparative result of flame retar-
dancy by a sprayed fire test of the hydraulic o1l compositions
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prepared in Examples of the present disclosure, according to
an example embodiment of the present disclosure.

FIG. 2B illustrates a result of flame retardancy by a
sprayed fire test of commercially available mineral-based
hydraulic oils, according to an example embodiment of the 5
present disclosure.

FIG. 3 illustrates a result of measuring electricity con-
sumption by using the hydraulic o1l compositions prepared
in Examples of the present disclosure, and commercially
available mineral-based hydraulic oils according to an 10
example embodiment of the present disclosure.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L.

15

Hereinatiter, example embodiments of the present disclo-
sure will be described with reference to the accompanying
drawings. When 1t 1s deemed that detailed description
related to a related known function or configuration they
may make the purpose of the present disclosure unneces- 20
sarily ambiguous 1in describing the present disclosure, the
detailed description will be omitted here. Also, terms used
herein are defined to approprately describe the example
embodiments and thus may be changed depending on a user,
the intent of an operator, or a custom of a field to which the 25
present disclosure pertains. Accordingly, the terms must be
defined based on the following overall description of this
specification. Like reference numerals present in the draw-
ings refer to the like elements throughout.

Throughout the specification, when one part “includes™ or 30
“comprises” one component, the part does not exclude other
components but may further include the other components,
unless otherwise specified.

Throughout the specification, when one part “includes™ or
“comprises” one component, the part does not exclude other 35
components but may further include the other components.

The present disclosure relates to a method of preparing a
glycerin-ester-based lubricating base o1l, and more specifi-
cally may provide a method of preparing a fatty acid
glycerin-ester-based lubricating base o1l by using glycerin 40
and fatty acid extracted from a natural vegetable o1l through
a catalyst-free and rinsing-ifree process.

According to an example embodiment, the method of
preparing the glycerin-ester-based lubricating base oil may
include a step of adding a fatty acid-containing raw material 45
and a glycerin-contaiming raw material to a reactor, and a
step of synthesizing a glycerin-ester 1n the reaction.

According to an example embodiment, glycerin in the
glycerin-contaiming raw material may be a material gener-
ally known 1n the technical field of the present disclosure, 50
and for example may be obtained as a by-product in various
industrial processes such as the production of biodiesel, or
may be applied to various fields ranging from cosmetics and
pharmaceuticals. In the step of added to the reactor, glycerin
may have a purity of 95% or higher for an excellent 55
synthesis result.

According to an example embodiment, fatty acid in the
fatty acid-containing raw material may be extracted from a
natural vegetable o1l, and may contain one or more of C10
to C22 fatty acids. The fatty acid may contain saturated 60
and/or unsaturated (monounsaturated and polyunsaturated)
tatty acid, and the unsaturated fatty acid may contain cis-
and/or trans-unsaturated fatty acid.

More specifically, the unsaturated fatty acid of the fatty
acids may be applied without limitation as long as a glyc- 65
erin-ester-based lubricating base o1l may be provided, and
for example, may include pentadecylic acid (pentadecanoic

8

acid), arachidonic acid, myristic acid (myristoleic acid),
palmitoleic acid, sapienic acid, elaidic acid, vaccenic acid;
omega-9 fatty acid such as oleic acid (monounsaturated
omega-9 fatty acid), eicosenoic acid (monounsaturated
omega-9 fatty acid), and erucic acid (monounsaturated
omega-9 fatty acid); omega-6 fatty acid such as arachidonic
acid (polyunsaturated omega-6), eicosenoic acid (omega-6
fatty acid, eicosatrienoic acid, 11,14,17-e1cosatrienoic acid)
linoleic acid (polyunsaturated omega-6 fatty acid), and lino-
claidic acid (omega-6 trans fatty acid); and omega-7 fatty
acid (monounsaturated); and the like.

The fatty-acid-containing raw material may contain C10
to C22 fatty acid alone or in combination 1n order to obtain
various kinematic viscosity grades for use as a lubricating
base oi1l. In other words, the fatty acid-containing raw
material and glycerin-containing raw material may be added
to a reactor by adjusting a content ratio of glycerin and fatty
acid and/or types and/or compositions (for example, alone or
in combination) of fatty acid, in order to obtain a desired
kinematic viscosity of the lubricating base oil.

For example, when the fatty acid-containing raw material

contains two or more of fatty acids, a mass ratio of first fatty
acid to the other fatty acids may range from 99:1 to 1:99,
99:1 to 73:25, or 90:10 to 80:20. For example, the fatty
acid-containing raw material has a C10 to C12 fatty acid
mass ratio of 75 wt % or more for a synthesis of a
low-viscosity glycerin-ester-based raw material having a
kinematic viscosity of 20 mm?/sec or lower, and a C18 to
C20 fatty acid mass ratio of 70 wt % or more for a synthesis
of a high-viscosity glycerin-ester-based raw material having
a kinematic viscosity of 30 mm~/sec or higher. By adjusting
the mass ratio, stability against heat and oxidation, quality,
and manufacturing cost of the lubricating base o1l may be
improved.

For example, the fatty acid-containing raw material may
contain a monounsaturated fatty acid of 75 wt % or more or
75 wt % to 80 wt % 1n the fatty acid-containing raw material
or a polyunsaturated fatty acid of 20 wt % or less or 15% or
less by weight 1n the fatty acid-containing raw maternal, 1n
order to provide a lubricating base o1l which has a high-
quality and which maintains stability against heat and oxi-
dation. Preferably, in order to obtain a lubricating base o1l
which 1s expensive and has the most eflicient quality, a C18
fatty acid (oleic acid and linoleic acid) may be used as the
fatty acid. At this time, the total amount of the C18 fatty acid
may be adjusted to exceed 90%, but the linoleic acid may
have a content of 15% or less in order to maintain stability
against heat and oxidation.

The glycerin to the fatty acid-containing raw material may
be added to a reactor 1n a ratio (mass ratio) of 9.5:90.5 to
16.0:84.

According to an example embodiment, in the step of
synthesizing the glycerin-ester, a step of adding glycerin-
containing raw material and the fatty acid-containing raw
maternial to a reactor, and synthesizing a glycerin-ester in an
inert gas atmosphere and at a reaction temperature of 100°
C. to 350° C. 1n the reaction may be performed.

The nert gas may include one or more of helium (He),
nitrogen (N,), argon (Ar), neon (Ne) and xenon (Xe), and
when the mixed gas 1s formed, nitrogen to the other gases
may be supplied at a flow rate (or an amount to be added)
of 1:1 to 1:0.1. The inert gas may be filled or flowed 1nto a
reactor before adding raw materials, and may be continu-
ously supplied into the reactor during synthesis.

An amount of the inert gas to be added ranges from 10
liters to 1000 liters per minute, based on the synthesis
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amount of 10000 liters, and 1s adjusted depending on the
temperature sections described blow.

In the step of synthesizing the glycerin-ester, in order to
improve vield of the lubricating base o1l and reduce the
synthesis time, synthesis may be performed by setting a
plurality of temperature sections, and an amount of 1nert gas
to be added may also be adjusted depending on the plurality
of temperature sections. The plurality of temperature rise
sections may be determined by checking a degree of syn-
thesis, and the degree of synthesis may be determined by a
free fatty acid (FFA) content. That 1s, the reaction tempera-

ture may be raised to 10° C. or higher; 30° C. or higher; 50°
C. or higher; preferably 50° C. when the FFA content is
reduced by 50%, and the amount of the 1nert gas to be added
may be increased by 50% or more when the FFA content 1s
reduced by 50%. The step of synthesizing the glycerin-ester
may terminate the synthesis when the FFA content 1s 1.0 or
less or 0.5 or less.

For example, the reaction temperature may include at
least one of a first temperature section of 100° C. to 180° C.,
a second temperature section of 200° C. to 230° C., and a
third temperature section of 250° C. to 350° C.

For example, the amount of the inert gas to be added may
include at least one of a first amount of 10 liters to 30 liters
to be added per minute, a second amount of 30 liters to 150
liters to be added per minute, and a third amount of 150 liters
to 1000 liters to be added per minute, based on the synthesis
amount of 10000 liters.

The step of performing the synthesis process may be
carried out at an atmospheric pressure (760 mmHg) to a
reduced pressure (350 mmHg).

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may have an FFA content (%) of
1.0 or less or 0.5 or less and have a kinematic viscosity of
10 mm~/sec or higher or 10 mm?/sec to 200 mm~/sec.

According to an example embodiment, the glycerin-ester-

based lubricating base o1l may contain a triglyceride type
glycerin-ester represented by the following Formula 1:

|[Formula 1]

In Formula 1, R,, R, and R, are each a C8 to C20
saturated or unsaturated fatty acid residue.

Example embodiments of the present disclosure may
provide a method of preparing the glycerin-ester-based
lubricating base o1l according to the present disclosure, or a
method of preparing a flame-retardant hydraulic o1l compo-
sition using the glycerin-ester-based lubricating base oil.
That 1s, the method of preparing the flame-retardant hydrau-
lic o1l composition may provide an environmental-friendly
flame-retardant hydraulic o1l composition by using a method
of preparing a glycerin-ester-based lubricating base o1l from
the vegetable oi1ls which may be decomposed by microor-
ganisms and which emphasizes aflinity for humans and
equipment, or a glycerin-ester-based lubricating base oil
through a catalyst-free and rinsing-free process.
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According to an example embodiment, the method of
preparing the flame-retardant hydraulic o1l composition may
include a step of synthesizing the glycerin-ester according to
the present disclosure and a step of preparing a hydraulic o1l
composition by blending the glycerin-ester-based lubricat-
ing base o1l and a flame-retardant additive.

According to an example embodiment, in the step of
preparing the hydraulic o1l composition, the glycerin-ester-
based lubricating base o1l may be included alone or 1n a
mixture of two or more types, when two or more types of the
glycerin-ester-based lubricating base oils are included, a
mass ratio of one glycerin-ester-based lubricating base o1l to
the other glycerin-ester-based lubricating base o1l may range
from 90:10 to 75:25 or 90:10 to 50:50. When the mass ratio
1s included 1n the above range, by improving the quality and
biodegradability of the flame-retardant hydraulic oi1l, a more
cilicient environmental-friendly flame-retardant hydraulic
o1l may be provided.

According to an example embodiment, the flame-retar-
dant additive may be included 1n an amount of 0.01 wt % to
10 wt % 1n the flame-retardant hydraulic oi1l, and when the
flame-retardant additive 1s included 1n the above range, 1t 1s
preferable because 1t 1s possible to more smoothly respond
to a risk of fire by improving flame retardancy.

The flame-retardant additive may be a phosphor-based or
halogen-based flame-retardant additive, and may include
one or more of tricresyl phosphate, tributyl phosphate, Tris
(p-chloroethyl) phosphate, Tris (p-chloropropyl) phosphate,
Tris (dichloropropyl) phosphate, trioctyl phosphate, triph-
enyl phosphate, octyl diphenyl phosphate, Tris (1sopropy-
Iphenyl) Phosphate and tributoxyethyl phosphate.

According to an example embodiment, in the step of
preparing the hydraulic o1l, one or more functional additives
prepared from the group of an antioxidant, an anti-load and
anti-abrasive enhancer, a thickener, a corrosion inhibitor and
an antifoaming agent may be further added.

The functional additive may be included 1n an amount of
0.1 wt % to 10 wt % 1n the flame-retardant hydraulic o1l
individually or entirely. An amount of the additive may be
added 1n an appropriate amount in consideration of the
appropriate combination with the glycerin-ester-based Iubri-
cating base o1l, and occurrence of quality reduction, discol-
oration, biodegradability deterioration, viscosity drop, etc.
of the tlame-retardant hydraulic o1l due to the additive.

The antioxidant may include one or more of phenylnaph-
thylamine-based, aromatic amine-based, such as alkylated
diphenylamine, phenol-based, phosphate ester-based and
metal salts (Zn-DTP) of phosphate ester, and sulfur-based
compounds, but not limited thereto. Preferably, the antioxi-
dant may be phenylnaphylamine-based.

The antioxidant may be included 1n an amount of 0.01 wt
% to 10.0 wt %, preferably 0.3 wt % to 4.0 wt % 1n the
flame-retardant hydraulic o1l. When the amount of the
antioxidant 1s included in the above range, a suitable anti-
oxidation eflect may be obtained, and the occurrence of
problems such as inhibition of environmental friendliness
(biodegradability and fish toxicity) due to an increase 1n the
amount added may be prevented or reduced.

The thickener may be a viscosity enhancer and a viscosity
index enhancer, and may include one or more of olefin
copolymers of styrene-hydrocarbon polymers such as sty-
rene-butadiene copolymer and styrene-maleate ester copo-
lymer, polybutene, polyisobutylene, and polymethacrylate,
polyacrylate, ethylene-propylene copolymer, but not limited
thereto.

A molecular weight of the thickener may be 300 to 10000
in consideration of flame retardancy and environmental
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friendliness, and the like. The thickener may be included 1n
an amount of 0.01 wt % to 10.0 wt % 1n the tlame-retardant
hydraulic o1l. When the molecular weight of the thickener 1s
included in the above range, a hydraulic o1l having an
appropriate viscosity may be provided.

The anti-abrasive additive may include one or more of an
amine salt of phosphate ester, aryl phosphate-based, metal
salts of phosphate ester, and sulfide additives, but not limited
thereto. Preferably, the anti-abrasive additive may be an
amine salt of phosphate ester.

The anti-abrasive additive may range ifrom 0.01 wt % to
7.0 wt % or 0.1 wt % to 2.0 wt % 1n the flame-retardant
hydraulic o1l. When the amount 1s included in the above
range, while hydraulic equipment 1s running, excessive wear
of cylinders, pumps, or the like may be prevented to improve
a life of equipment and may reduce overheating caused by
wear.

If necessary, corrosion inhibitors (an azo (azole)-based
non-ferrous corrosion inhibitor, a succinic ester type ferrous
corrosion inhibitor, a sulfonate (metal-sulfonate)-based cor-
rosion inhibitor, etc.), anti-foaming agents (silicon type,
alcohol type, amine type, or polymethacrylate anti-foaming
agents), and other modifiers may be further added, and these
amounts may be added in consideration of an appropriate
amount and a combination between each component as long
as 1t does not deviate from the aspect of the present disclo-
sure.

Example embodiments of the present disclosure relate to
a glycerin-ester-based lubricating base o1l, and according to
an example embodiment, the glycerin-ester-based lubricat-
ing base o1l may be a glycerin-ester-based lubricating base
o1l of fatty acid obtained by using glycerin and fatty acid
extracted from a natural vegetable o1l through a catalyst-free
and rinsing-iree process.

According to an example embodiment, in a method of
preparing the glycerin-ester-based lubricating base o1l a
glycerin ester may be synthesized as a synthetic vegetable
o1l by using fatty acid and glycerin derived from vegetable
oils, and may be provided through a catalyst-free and
rinsing-ifree process, which not only dramatically improves
the problems arising 1n the process of using hydraulic oils
(lubricating o1l), but also expands application area as
hydraulic oils, guarantees an extension of a service life, and
satisfies a tool life and energy savings.

According to an example embodiment, the method of
preparing the glycerin-ester-based lubricating base o1l may
include a step of adding a fatty acid-containing raw material
and a glycerin-contaiming raw material to a reactor, and a
step of synthesizing a glycerin-ester 1n the reaction.

According to an example embodiment, glycerin 1n the
glycerin-contaiming raw material may be a material gener-
ally known 1n the technical field of the present disclosure,
and for example may be obtained as a by-product in various
industrial processes such as the production of biodiesel, or
may be applied to various fields ranging from cosmetics and
pharmaceuticals. In the step of added to the reactor, glycerin
may have a purity of 95% or higher for an excellent
synthesis result.

According to an example embodiment, fatty acid 1n the
fatty acid-containing raw material may be extracted from a
natural vegetable o1l, and may contain one or more of C10
to C22 fatty acids. The fatty acid may contain saturated
and/or unsaturated (monounsaturated and polyunsaturated)
tatty acid, and the unsaturated fatty acid may contain cis-
and/or trans-unsaturated fatty acid.

More specifically, the unsaturated fatty acid of the fatty
acids may be applied without limitation as long as a glyc-

10

15

20

25

30

35

40

45

50

55

60

65

12

erin-ester-based lubricating base o1l may be provided, and
for example, may include pentadecylic acid (pentadecanoic
acid), arachidonmic acid, myristic acid (myrstoleic acid),
palmitoleic acid, sapienic acid, elaidic acid, vaccenic acid;
omega-9 fatty acid such as oleic acid (monounsaturated
omega-9 {fatty acid), eicosenoic acid (monounsaturated
omega-9 {fatty acid), and erucic acid (monounsaturated
omega-9 fatty acid); omega-6 fatty acid such as arachidonic
acid (polyunsaturated omega-6), eicosenoic acid (omega 6
fatty acid, eicosatrienoic acid, 11,14,1°7-eicosatrienoic acid)
linoleic acid (polyunsaturated omega-6 fatty acid), and lino-
claidic acid (omega-6 trans fatty acid); and omega-7 fatty
acid (monounsaturated); and the like.

The fatty-acid-containing raw material may contain C10
to C22 fatty acid alone or in combination 1n order to obtain
various kinematic viscosity grades for use as a lubricating
base o1l. In other words, the fatty acid-containing raw
material and glycerin-containing raw material may be added
to a reactor by adjusting a content ratio of glycerin and fatty
acid and/or types and/or compositions (for example, alone or
in combination) of fatty acid, in order to obtain a desired
kinematic viscosity of the lubricating base oil.

For example, when the fatty acid-containing raw material
contains two or more of fatty acids, a mass ratio of first fatty
acid to the other fatty acids may range from 99:1 to 1:99,
99:1 to 75:25, or 90:10 to 80:20. For example, the fatty
acid-containing raw material has a C10 to C12 fatty acid
mass ratio of 75 wt % or more for a synthesis of a
low-viscosity glycerin-ester-based raw materials having a
kinematic viscosity of 20 mm?/sec or lower, and a C18 to
C20 fatty acid mass ratio of 70 wt % or more for a synthesis
of a high-viscosity glycerin-ester-based raw material having
a kinematic viscosity of 30 mm*/sec or higher. By adjusting
the mass ratio, stability against heat and oxidation, quality,
and manufacturing cost of the lubricating base o1l may be
improved.

For example, the fatty acid-containing raw material may
contain a monounsaturated fatty acid of 75 wt % or more or
75 wt % to 80 wt % 1n the fatty acid-containing raw material
or a polyunsaturated fatty acid of 20 wt % or less or 15 wt
% or less 1n the fatty acid-containing raw material, 1n order
to provide a lubricating base o1l which has a high-quality and
which maintains stability against heat and oxidation. Pref-
crably, in order to obtain a lubricating base o1l which 1s
expensive and has the most eflicient quality, a C18 fatty acid
(oleic acid and linoleic acid) may be used as the fatty acid.
At this time, the total amount of the CI18 fatty acid may be
adjusted to exceed 90%, but the linoleic acid may have a
content of 15% or less 1n order to maintain stability against
heat and oxidation.

The glycerin to the fatty acid-containing raw material may
be added to a reactor 1n a ratio (mass ratio) of 9.5:90.5 to
16.0:84.

According to an example embodiment, in the step of
synthesizing the glycerin-ester, a step of adding glycerin-
containing raw material and the fatty acid-containing raw
maternial to a reactor, and synthesizing a glycerin-ester in an
iert gas atmosphere and at a reaction temperature of 100°
C. to 330° C. 1n the reaction may be performed.

The inert gas may 1nclude at least one or more of helium
(He), nmitrogen (N, ), argon (Ar), neon (Ne¢) and xenon (Xe),
and when the mixed gas i1s formed, nitrogen to the other
gases may be supplied at a tlow rate (or an amount to be
added) of 1:1 to 1:0.1. The inert gas may be filled or tlowed
into a reactor before adding raw materials, and may be
continuously supplied into the reactor during synthesis.
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An amount of the mert gas to be added ranges from 10
liters to 1000 liters per minute, based on the synthesis
amount of 10000 liters, and 1s adjusted depending on the
temperature sections described blow.

In the step of synthesizing the glycerin-ester, 1n order to
improve yield of the lubricating base o1l and reduce the
synthesis time, synthesis may be performed by setting a
plurality of temperature sections, and an amount of inert gas
to be added may also be adjusted depending on the plurality
of temperature sections. The plurality of temperature rise
sections may be determined by checking a degree of syn-
thesis, and the degree of synthesis may be determined by an

FFA content. That 1s, the reaction temperature may be raised
to 10° C. or higher; 30° C. or higher; 50° C. or higher;

preferably 50° C. when the FFA content 1s reduced by 50%,

and the amount of the gas to be added may be increased by
50% or more when the FFA content 1s reduced by 50%. The
step ol synthesizing the glycerin-ester may terminate the
synthesis when the FFA content (%) 1s 1.0 or less or 0.5 or
less.

For example, the reaction temperature may include at
least one of a first temperature section of 100° C. to 180° C.,
a second temperature section of 200° C. to 230° C., and a
third temperature section of 250° C. to 350° C.

For example, the amount of the mert gas to be added may
include at least one of a first amount of 10 liters to 50 liters
to be added per minute, a second amount of 30 liters to 150
liters to be added per minute, and a third amount of 150 liters
to 1000 liters to be added per minute, based on the synthesis
amount of 10000 liters.

The step of performing the synthesis process may be
carried out at an atmospheric pressure (760 mmHg) to a
reduced pressure (350 mmHg).

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may have an FFA content (%) of
1.0 or less or 0.5 or less and have a kinematic viscosity of
10 mm~/sec or higher or 10 mm?/sec to 200 mm~/sec.

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may contain a triglyceride type
glycerin-ester represented by the following Formula 1:

|Formula 1]

In Formula 1, R,, R, and R, are each a C8 to C20
saturated or unsaturated fatty acid residue.

Example embodiments of the present disclosure relate to
a flame-retardant hydraulic o1l composition including the
glycerin-ester-based lubricating base o1l to according to the
present disclosure, and according to an example embodi-
ment, the flame-retardant hydraulic o1l composition may be
an environmental-friendly flame-retardant hydraulic o1l
composition, and by using a glycerin-ester-based lubricating
base o1l from the vegetable o1ls which may be decomposed
by microorganisms and which emphasizes athinity for
humans and equipment, or a glycerin-ester-based lubricating,
base o1l through a catalyst-free and rinsing-free process, the
composition has a good atlinity for a human body because

10

15

20

25

30

35

40

45

50

55

60

65

14

biodegradation by microorganisms 1s possible, and has
excellent physical properties, so that 1t has a low risk of fire
due to its flame retardancy, as well as an energy saving
ellect, extension of a tool life, an increase 1n an efliciency of
equipment operation, and a reduction 1n an equipment
consumable replacement cycle, even when equipment 1s
driven 1n industrial sites.

According to an example embodiment, the flame-retar-
dant hydraulic o1l composition may include a glycerin-ester-
based lubricating base o1l and a flame-retardant additive, and
further may include a functional additive.

According to an example embodiment, the glycerin-ester-
based lubricating base o1l may be included alone or in a
mixture of two or more types, when two or more types of the
glycerin-ester-based lubricating base o1l are included, a
mass ratio of one glycerin-ester-based lubricating base oil to
the other glycerin-ester-based lubricating base oils may
range from 90:10 to 75:25 or 90:10 to 50:50. When the mass
ratio 1s included in the above range, by improving the quality
and biodegradability of the flame-retardant hydraulic o1l
composition, a more eflicient environmental-friendly flame-
retardant hydraulic o1l composition may be provided.

The glycerin-ester-based lubricating base o1l may be
included 1n an amount of 50 wt % or more:; 60 wt % or more;
80 wt % or more; 90 wt % or more; 90 wt % to less than 100
wt % 1n the flame-retardant hydraulic o1l composition.

According to an example embodiment, the flame-retar-
dant additive may be included 1n an amount of 0.01 wt % to
10 wt % 1n the flame-retardant hydraulic o1l composition,
and when the flame-retardant additive 1s included in the
above range, it 1s prelerable because it 1s possible to more
smoothly respond to a rnisk of fire by mmproving flame
retardancy.

The flame-retardant additive may be a phosphor-based or
halogen-based tflame-retardant additive, and the phosphor-
based or halogen-based flame-retardant additive may
include at least one or more of tricresyl phosphate, tributyl
phosphate, Tris  (P-chloroethyl) phosphate  (Tris
(Pphosphate)), Tris (p-chloropropyl) phosphate (Iris
(Pphosphate)), Tris (dichloropropyl) phosphate, trioctyl
phosphate, triphenyl phosphate, octyl diphenyl phosphate,
Tris (1sopropylphenyl) Phosphate and tributoxyethyl phos-
phate, but not limited thereto.

According to an example embodiment, the functional
additive may include at least one or more of a flame-
retardant additive, an antioxidant, an anti-load and anti-
abrastve enhancer, a thickening and wviscosity 1ndex
enhancer, a corrosion inhibitor and other modifiers.

The functional additive may be included 1n an amount of
0.1 wt % to 10 wt % 1n the flame-retardant hydraulic o1l
composition individually or entirely. An amount of the
additive may be added 1n an appropriate amount in consid-
eration of the appropriate combination with the glycerin-
ester-based lubricating base o1l, and occurrence of a reduc-
tion 1n environmental friendliness (biodegradabaility and fish
toxicity), quality reduction, discoloration, viscosity drop,
etc. of the hydraulic o1l due to the additive.

According to an example embodiment, the antioxidant
may be 1mcluded in an amount of 0.1 wt % to 7.0 wt % 1n
the flame-retardant hydraulic oil. Generally, when the
amount 1s less than 0.5 parts by weight, the effect 1s small,
and when the amount 1s more than 7.0 parts by weight, an
anti-oxidation effect may be expected, but problems such as
discoloration of the o1l and deterioration of a flame-retardant
cllect may be raised. When the amount 1s included within the
above range, a suitable anti-oxidation eflect may be
obtained, and the occurrence of problems such as inhibition
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of environmental friendliness (biodegradability and fish
toxicity) due to an increase in the amount added may be
prevented or reduced.

As for antioxidant power of the antioxidant, 1t may be
confirmed from the experimental results that the more
resonance hybrids of electrons are formed, the more excel-
lent the antioxidant power 1s.

The antioxidant may include at least one or more of
phenylnaphthylamine-based, aromatic amines such as alky-

lated  diphenylamine,  N-1sopropyl-N'-phenyl-1,4-phe-
nylenedi amine (N-phenyl-N'-isopropyl-p-phenylenedi-
amine), and  N,N'-di-2-naphthyl-2-phenylenediamine;

hydroquinone-based such as mono-tert-butylhydroquinone;
phenol-based such as bisphenol 2,2'-metylen-bis-(4-methyl-
6-tert-butylphenol), 4,4-butylidenebis(6-tert-butyl-3-meth-
ylphenol, and BHT(3,5-di-tert-butyl-4-hydroxytoluene);
phosphate ester-based such as Tris (nonylphenyl) Phosphate,
and metal salts (Zn-DTP) of phosphate ester; and sulfur-
based compounds such as dilauryl thiodipropionate, 2-mer-
captobenzoimidazole, and 2-mercaptomethyl benzimida-
zole, but not limited thereto.

According to an example embodiment, the thickening and
viscosity mdex enhancer may be included 1 an amount of
0.01 wt % to 5.0 wt % 1n the flame-retardant hydraulic o1l.

The thickening and viscosity index enhancer may be a
viscosity enhancer and a viscosity index enhancer, and may
include at least one of olefin copolymers of styrene-hydro-
carbon polymers such as styrene-butadiene copolymer and
styrene-maleate ester copolymer, polybutene, polyisobuty-
lene, and polymethacrylate, polyacrylate, ethylene-propyl-
ene copolymer, but not limited thereto.

The thickening and viscosity index enhancer may have a
molecular weight of 300 to 10000 1n consideration of flame
retardancy and environmental friendliness, and the like.
When the molecular weight 1s included in the above range,
a hydraulic o1l composition having an appropriate viscosity
may be provided.

According to an example embodiment, the anti-load and
anti-abrasive additive may be included in an amount of 0.01
wt % to 7.0 wt % 1n the flame-retardant hydraulic oil
composition. When the amount 1s mncluded in the above
range, while hydraulic equipment 1s running, excessive wear
of cylinders, pumps, or the like may be prevented to improve
a life of equipment and may reduce overheating caused by
wear.

The anti-load and anti-abrasive additive may include at
least one or more of an amine salt of phosphate ester, aryl
phosphate-based, metal salts of phosphate ester, and sulfide
additives, but not limited thereto. Preferably, the anti-load
and anti-abrasive additive may be an amine salt of phosphate
ester.

For example, 1n the anti-load and anti-abrasive additives,
the amine salt-based (Formula 2) of the neutralized phos-
phate ester has the most excellent effect, and metal salts of
phosphate ester; allyl-based phosphate ester, and sulfide
additives may be used 1n combination, and thus a synergistic
cllect may be exhibited. The compound represented by

Formula 2 may have a total acid number (TAN, mgKOH/g,
ASTM D664) of 50 higher; 100 higher; or 200 higher.

|Formula 2]
RO O
V4
/N
RO O"NXR,,
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In Formula 2, R represents hydrogen or a C1 to C10 alkyl
or aryl type hydrocarbon compound, X represents hydrogen
or C1 to C4 hydrocarbon, and n 1s an mteger from 1 to 10.

If necessary, corrosion inhibitors (an azo (azole)-based
non-ferrous corrosion inhibitor, a succinic ester type ferrous
corrosion inhibitor, a sulfonate (metal-sulfonate)-based cor-
rosion inhibitor, etc.), anti-foaming agents (silicon type,
alcohol type, amine type, or polymethacrylate anti-foaming
agents), pour point depressants (polymethacrylate type etc.)
and other modifiers may be further added, and these amounts
may be added 1n consideration of an appropriate amount and
a combination between each component as long as it does
not deviate from the aspect of the present disclosure.

Heremaftter, the present disclosure will be described 1n
more detail with reference to examples and comparative
examples. However, the following examples are merely
illustrative of the present disclosure, and the present disclo-
sure 1s not limited to these examples.

Example 1: Synthesis of Glycernin-Ester-Based
Lubricating Base Oil

Example 1-1

According to Table 1, glycerin (16 wt %) and C10 fatty
acid (84 wt %) were added to a reactor filled with an nert
gas, and the reaction was performed for 7 to 12 hours while
adding an 1nert gas of 10 to 400 liters at a temperature of
100° C. to 260° C. Free fatty acid (FFA), kinematic viscos-
ity, 1odine value and color of the obtained product were
measured and shown in Table 1.

Example 1-2

According to Table 1, glycerin (15 wt %) and C10+C12
fatty acid (85 wt %) were applied, and the reaction was

performed for 7 to 12 hours while adding an inert gas of 10
to 400 liters at a temperature of 100° C. to 260° C. FFA,
kinematic viscosity, 1odine value and color of the obtained

product were measured and shown 1n Table 1.

Example 1-3

According to Table 1, glycerin (10 wt %) and C18+(C22

fatty acid (90 wt %) were applied, and the reaction was
performed for 6 to 10 hours while adding an inert gas of 10
to S00 liters at a temperature of 100° C. to 350° C. FFA,
kinematic viscosity, 1odine value and color of the obtained
product were measured and shown in Table 1.

Example 1-4

According to Table 1, glycerin (9.5 wt %) and C22 fatty
acid (90.5 wt %) were applied, and the reaction was per-

formed for 6 to 10 hours while adding an 1nert gas of 10 to
500 liters at a temperature of 100° C. to 350° C. FFA,
kinematic viscosity, 1odine value and color of the obtained

product were measured and shown 1n Table 1.

Example 1-5

According to Table 1, glycerin (10.5 wt %) and mixture
(89.5 wt %) of C10 to C22 were applied, and the reaction
was performed for 6 to 12 hours while adding an inert gas

of 10 to 700 liters at a temperature of 100° C. to 350° C.
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FFA, kinematic viscosity, 1odine value and color of the
obtained product were measured and shown 1n Table 1.

Example 1-6 free | |
; Fatty Kinematic
According to Table 1, glycerin (10.5 wt %) and mixture Composition  Acid viscosity lodine |
(89.5 wt %) of C10 to C22 were applied, and the reaction Examples of fatty acid ~ (FFA) *"  (mm,/s) value  Color %%
was performed for 6 to 10 hours while adding an 1nert gas
of 10 to 1000 liters at a temperature of 100° C. to 350° C. Example  Mixture of C10 1.0 or 40 90or 3.0 or
FFA, kinematic viscosity, 1odine value and color of the 10 1-6 to C22 lower lower lower

obtained product were measured and shown 1n Table 1. (C18 content of

85% or higher)

TABLE 1
Free XD is a total acid number of a lubricating base o1l and defined as % as Oleic.
Fatty Kinematic 15 %2 means a color grade specified in ASTM D 1500.
Composition Acid viscosity Iodine
Examples of fatty acid (FFA) AV (mm,/s) value Color %2
Example CI10 1.0 or 20 10or  3.0o0r Example 2: Preparation of Environmental-Friendly
1-1 lower lower  lower Hydraulic Oi]
Example C10 + C12 1.0 or 22 10or 3.0o0r 20
1-2 lower lower  lower
Example — C18 + C22 L0 or 40 Y0or - S.0or The glycerin-ester-based lubricating base oil prepared in
1-3 lower lower  lower - .
Example (22 1 0 or 45 90 or 3.0 of Example 1, an additive, and other additives were blended
1-4 lower lower  lower according to the components and contents (unit: parts by
Example  Mixture of C10 1.0 or 40 100or  3.00r 25 weight) shown 1n Table 2 to prepare a hydraulic o1l com-
1-5 to C22 lower lower  lower g : :
(C18 content of position. Physical properties and performance of the pre-
75% or higher) pared hydraulic o1l composition were measured and shown
in Table 2.
TABLE 2
Example Example Example Example Example Example Example Example
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8
Hydraulic Lubricating  Example 94.2 50.0
oil base 1-1
o1l Example 94.6
1-2
Example 44.6 34.6
1-3
Example 94.6 55.0
1-4
Example 94.6 34.6
1-5
Example 93.0 55.0
1-6
Antioxidant 1.0 1.0 1.0 1.5 1.5 2.0 3.0 3.0
Anti-abrasive additive 1.0 1.0 1.0 0.5 0.5 1.0 2.2 2.2
Thickener 2.5 1.5 1.5 2.0 2.0 1.0 3.0 3.0
Corrosion inhibitor 0.2 0.2 0.2 0.1 0.1 0.1 0.5 0.5
Antifoaming agent 0.1 0.2 0.2 0.1 0.1 0.1 0.2 0.2
Others 1.0 1.5 1.5 1.2 1.2 1.5 0.5 0.5
Physical Flash 250 or 250 or 250 or 300 or 300 or 300 or 300 or 300 or
properties point (° C.) higher higher higher higher higher higher higher higher
and Viscosity 150 or 150 or 150 or 200 or 200 or 200 or 200 or 200 or
performance index higher higher higher higher higher higher higher higher
Oxidation 400 min 400 min 400 muin. 300 mun. 250 mm. 250 min. 250 min. 250 mun.
stability %<1 or longer or longer or longer or longer or longer or longer or longer or longer
Abrasion 0.5 mm 0.5mm 0.5mm 0.5mm 0.5mm 0.5mm 0.5mm 0.5mm
resistance *?2 or lower or lower or lower or lower or lower orlower orlower or lower
Anti-load %3 126 or 126 or 160 or 160 or 160 or 200 or 200 or 160 or
higher higher higher higher higher higher higher higher
Friction 0.10 or 0.10 or 0.10 or 0.10 or 0.10 or 0.10 or 0.10 or 0.10 or
coefficient X% lower lower lower lower lower lower lower lower

In the above, the lubricating base o1l was selected 1n consideration of viscosity grade of the hydraulic o1l, and test equipment and test method used in each performance evaluation
are as follows.

A1 Tester: Rotating bomb oxidation stability tester, Test method: ASTM D2272

A2) Tester: Shell-type four-ball tester (1200 rpm, 40 l{g/cmz), Test method: ASTM D 2266

A3) Tester: Shell-type four-ball tester (1760 rpm, l{g/-:mz), Test method: ASTM D 2596
X Tester: SRV Test (I mm, 200N, 40° C., 50 Hz)
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(1) Comparison of SRV Friction Coellicient Between
Hydraulic Oils of Example 2 and Mineral Oil-Based
Hydraulic Oil

SRV (1 mm, 200 N, 40° C., 50 Hz) friction coelli

icient of
hydraulic o1l and mineral oil-based hydraulic o1l was com-
pared and shown 1n FIG. 1. Mineral o1l-based and synthetic
hydraulic oils are anti-abrasive hydraulic oils available in
the general market. That 1s, the hydraulic o1ls are suitable for
International viscosity specification (ISO VG) 46 and 68
made by API Standard Group II lubricating base oil.

Referring to Table 2 and FIG. 1, it 1s obtained from Table
2 that the hydraulic o1l to which the vegetable-based lubri-
cating base o1l according to the present disclosure 1s applied
has good results in flash point, viscosity index, and oxidation
stability, and has very excellent results in SRV test (iriction,
wear, vibration) for the hydraulic o1l, and 1t 1s shown 1n FIG.
1 to corresponds to a very excellent and stable result
compared to general mineral oil-based hydraulic oils. The
environmental-friendly hydraulic o1l according to the pres-
ent disclosure may be expected to be more stable and
energy-saving ellect when applied to actual industrial equip-
ment.

(2) Biodegradability (Biodegradable) Measurement

In order to confirm environmental {iriendliness of

Example 2, biodegradability was measured and shown 1n
Table 3.

TABLE 3
Measuring

Biodegradability method
When contents of lubricating base 65% or higher OECD
oils 1 and 2 of the lubricating base ready
o1l according to the present biodegradation
disclosure are 90% or higher 301b,
[Example 2-1], [Example 2-2] Modified
When contents of lubricating base 80% or higher MiTi

oils 3, 4, 5, and 6 of the lubricating
base o1l according to the present
disclosure 1s 90% or higher
Example 2-4], [Example 2-5],
Example 2-6]
Example 2-7], [Example 2-8]

When contents of lubricating base
oils 3, 4, 5 and 6 1n the mixture of
lubricating base oils 1 and 2 and
lubricating base oils 3, 4, 5 and 6 of
the lubricating base oil according to
the present disclosure are 50% or

higher
[Example 2-3]

Test(1)

65% to 80%

Referring to Table 3, 1t can be seen that when the
vegetable glycerin-ester-based lubricating base according to
the present disclosure 1s applied, biodegradability 1s excel-
lent, so that environmental-friendly hydraulic o1l may be
provided.

Example embodiments of the present disclosure may
provide a hydraulic o1l (lubricating o1l) which has a good
alhinity for a human body because biodegradation by micro-
organisms 1s possible, and the composition has excellent
physical properties, so as to contribute to substantial cost
reduction because 1t has a low risk of fire due to its flame
retardancy, as well as an energy saving ellect, extension of
tool life, an increase 1n an efliciency of equipment operation,
and a reduction 1n an equipment consumable replacement
cycle, even when equipment 1s driven in industrial sites, so
as to respond to regulation of carbon emission.

2. Synthesis Example

A synthetic vegetable o1l (glycerin-ester) was prepared as
follows.
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Lubricating Base O1l A

Glycerin (16.0 wt %) and mixed fatty acid (84 wt %) of
total C36 (C10 to C14) were applied, and the reaction was
performed for 6 to 12 hours while adding an 1nert gas of 10
to 700 liters at a temperature of 100° C. to 300° C. FFA,

kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base Oi1l B

Glycerin (15.0 wt %) and mixed fatty acid (85 wt %) of
total C42 (C10 to C16) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 700 liters at a temperature of 100° C. to 300° C. FFA,
kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base O1l C

Glycerin (14.5 wt %) and mixed fatty acid (85.5 wt %) of
total C48 (C14 to C18) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 700 liters at a temperature of 100° C. to 300° C. FFA,
kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base O1l D

Glycerin (13.5 wt %) and mixed fatty acid (86.5 wt %) of
total C30 (C14 to C18) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 700 liters at a temperature of 100° C. to 300° C. FFA,
kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

N B

Lubricating Base O1l E
Glycerin (13.5 wt %) and mixed fatty acid (86.5 wt %) of
total C30 (C14 to C18) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 700 liters at a temperature of 100° C. to 300° C. FFA,

kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base Oil F

Glycerin (12.5 wt %) and mixed fatty acid (87.5 wt %) of
total C34 (C14 to C22) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 700 liters at a temperature of 100° C. to 320° C. FFA,
kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base O11 G

Glycerin (12.0 wt %) and mixed fatty acid (88.0 wt %) of
total C34 (C14 to C22) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 700 liters at a temperature of 100° C. to 320° C. FFA,

kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base Oi1l H

Glycerin (11.0 wt %) and mixed fatty acid (89.0 wt %) of
total C34 (C14 to C22) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 1000 liters at a temperature of 100° C. to 350° C. FFA,
kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base Oil 1

Glycerin (10.0 wt %) and mixed fatty acid (90.0 wt %) of
total C60 (C16 to C22) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
to 1000 liters at a temperature of 100° C. to 350° C. FFA,

kinematic viscosity and 1odine value of the obtained product
were measured and shown 1n Table 4.

Lubricating Base Oil ]

Glycerin (9.5 wt %) and mixed fatty acid (90.5 wt %) of
total C66 (C18 to C22) were applied, and the reaction was
performed for 6 to 12 hours while adding an inert gas of 10
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to 1000 liters at a temperature of 100° C. to 350° C. FFA,
kinematic viscosity and 10odine value of the obtained product
were measured and shown 1n Table 4.

22
TABLE 6

Types of Antioxidant

Antioxidant A Phenylnaphtylamine-based
TABLE 4 > Antioxidant B Alkylated diphenylamine-based
Antioxidant C N-1sopropyl-N'-phenyl-1.,4-
Free phenylenediamine (N-phenyl-N'-isopropyl-
Classification of Total carbon Fatty Kinematic P-phenylenediamine)
lubricating base number of Acid viscosity Iodine Antioxidant D N,N'-di1-2-naphthyl-2- phenylenediamine
oil fatty acid (FFA)XD (mim,/s) values Antioxidant E mono-tert-butylhydroquinone
10 Antioxidant F Bisphenol 2,2'- Metylen-Bis-(4-methyl-6-
Lubricating base 36 0.7 21.5 15 Tert-Butylphenol)
o1l A Antioxidant G 4,4-butylidenebis (6-tert-butyl-3-
lubricating base 42 0.7 248 20 methylphenol)
oil B Antioxidant H 2-mercaptomethyl benzimidazole
lubricating base 48 0.6 28.5 26 Antioxidant I Tris (nonylphenyl) phosphite (Tris
oil C 5 (nonylphenyl) phosphate)
lubricating base 50 0.6 30.3 30 Antioxidant J Dilauryl Thiodipropionate
oil D
lubricating base 50 0.6 31.5 65
oil E
leilbliicatmg base 54 0.5 33.6 40 TARBILE 7
Ltil?lgﬂtmg base > -2 324 03 - Types of anti-load and anti-abrasive additive
lt,l oricating base o 0.5 38.5 80 Anti-load and anti-abrasive Amine salt of phosphate ester
oL H , additive A (TAN 50, having a ferrous corrosion
llill bricating base 60 0.4 41.5 75 inhibitor)
oL I, , Anti-load and anti-abrasive Amine salt of phosphate ester
h:,l oricating base 66 0.3 5.0 72 25 additive B (TAN 100, having a ferrous corrosion
otl J inhibitor)
il)g]:j ;Sﬂtent of the unreacted fatty acid of the lubricating base oil, and defined as “% jﬁ;{ilj:%aﬂd anti-abrasive ﬁgef’jﬂéf Eiﬁi;sigaiz;zzzn inhibitor)
Anti-load and anti-abrasive Amine salt of phosphate ester
additive D (TAN 200, having no corrosion inhibitor)
g Preparation of Additive 30  Anti-load and anti-abrasive Metal salt (zinc compound) of phosphate
additive E ester
Anti-load and anti-abrasive Metal salt (molybdenum compound) of
Flame-retardant additives, antioxidants, and anti-load and additive F phosphate éstery pound)
anti-abrasive additives shown 1n each of Tables 5 to 8 were Anti-load and anti-abrasive  Sulfide (sulfur content of 10 to 12%,
prep ared. additive G vegetable oil, 1nactivity)
35 Anti-load and anti-abrasive Sulfide (sulfur content of 14 to 16%,
additive H vegetable oil, 1nactivity)
TABLE 5
Types of flame-retardant
Flame-retardant ac.c.%t?ve A Tr%cresyl Ph-::-sphate 40 Examples -1 to 3-14
Flame-retardant additive B Tributyl Phosphate
Flame-retardant additive C Tris (P-chloroethyl) Phosphate
Flame-retardant additive D Tris (p-chloropropyl) Phosphate (1) Preparation of Flame-Retardant Hydraulic O11 Com-
Flame-retardant additive E Tris (1,3-dichloro-2-propyl) Phosphate pOSitiOIl
(Tris (dichloropropyl) Phosphate)
Flame-retardant additive F Trioctyl Phosphate The synthetic vegetable o1l (glycerin-ester) of Table 4 was
Flame-retardant additive G Iriphenyl Phosphate 4> used as the lubricating base oil, and flame-retardant addi-
E"ame'mmmm additive H - Octyl diphenyl Phosphate tives (Table 5), antioxidants (Table 6), and anti-load and
lame-retardant additive I Tris (Isopropylphenyl) Phosphate . . L )
Flame-retardant additive J Tributoxyethyl Phosphate anti-abrasive additives (Table 7) were mixed to preparc 4
flame-retardant hydraulic o1l composition. Specific compo-
sitions were shown 1n Tables 8 and 9.
TABLE 8
Example Example Example Example Example Example Example
Compositions 3-1 3-2 3-3 3-4 3-5 3-6 3-7
Lubricating base o1l A 25.0 17.0
Lubricating base o1l B 15.5
Lubricating base o1l C 77.0 33.0 25.5
Lubricating base o1l H 67.0 61.5 94.0
Lubricating base o1l I 73.5 45.0
Lubricating base o1l | 70.0 49.0
Flame-retardant additive A 2.0 2.5 1.0 2.5
Flame-retardant additive B 2.0
Flame-retardant additive F 1.0
Flame-retardant additive G 2.5
Flame-retardant additive H 1.5
Antioxidant A 1.2 1.5 0.5 1.0
Antioxidant B 1.5 0.5 0.5
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TABLE 8-continued

Example Example Example Example Example Example Example
Compositions 3-1 3-2 3-3 3-4 3-5 3-6 3-7
Antioxidant D 1.5 1.0
Antioxidant G 0.5
Anti-load/anti-abrasive additive A 1.0 0.5 1.0 0.5 0.5
Anti-load/anti-abrasive additive B 1.0 0.5
Anti-load/anti-abrasive additive E 1.0 0.5
Thickening/viscosity index enhancer  Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Corrosion inhibitor Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Pour point depressant Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Others Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Oxidation stability (RPVOT) Life time: 200 min. or longer
Flame Hot Extinguished immediately after 1gnition
retardancy Manifold
test
Sprayed Not burn continuously
fire test
Lubricity SRV test 0.110 or lower
(Friction
Coeflicient)
SRV test 2000N or higher
(Extreme
pressure)
Shell 4- Scar diameter: 0.45 mm or lower
ball
(Abrasion
resistance)
Shell 4- 126 kgt or higher
ball
(Extreme
pressure)
Fish toxicity (Daphnia magna test) 100 or higher
TABLE 9
Example Example Example Example Example Example Example
Compositions 3-8 3-9 3-10 3-11 3-12 3-13 3-14
Lubricating base o1l B 20.0
Lubricating base oil D 22.5
Lubricating base o1l G 70.0
Lubricating base oil H 74.0 60.0
Lubricating base o1l 1 72.5 35.5 95.0 45.0
Lubricating base oil ] 24.0 95.0 49.0
Flame-retardant additive A 2.0 1.5 1.0 1.0 2.0
Flame-retardant additive C 1.0 1.0
Flame-retardant additive D 1.5
Flame-retardant additive I 1.5
Flame-retardant additive J 2.0
Antioxidant A 0.5 0.5 0.5 1.0
Antioxidant E 0.5 0.5 1.0 0.5 0.5
Antioxidant G 0.5 1.0
Antioxidant I 0.5 0.5
Anti-load/anti-abrasive additive C 0.5 0.5 0.5
Anti-load/anti-abrasive additive E 1.0 0.5 0.5
Anti-load/anti-abrasive additive G 0.5 0.5 0.5 0.5
Thickening/viscosity index enhancer  Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Corrosion inhibitor Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Pour point depressant Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Others Suitable Suitable Suitable Suitable Suitable Suitable Suitable
Oxidation stability (RPVOT) Life time: 200 min. or longer
Flame Hot Extinguished immediately after ignition
retardancy Manifold
test
Sprayed Not burn continuously
fire test
Lubricity SRV test 0.110 or lower
(Friction
Coeflicient)
SRV test 2000N or higher
(Extreme
pressure)
Shell 4- Scar diameter: 0.45 mm or lower

ball
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TABLE 9-continued
Example Example Example
Compositions 3-8 3-9 3-10
(Abrasion
resistance)
Shell 4-
ball
(Extreme
pressure)
Fish toxicity (Daphnia magna test)
TABLE 10

Test 1tems Test methods

Fish toxicity (Daphnia magna test)
Compliance with OECD TG 202

Oxidation stability (RPVOT)
Flame Hot Manifold test

retardancy test Sprayed fire test

Example
3-11

26

Example
3-14

Example
3-13

Example
3-12

126 kgt or higher

100 or higher

Daphnia magna acute toxicity test: 48 h EC50

Rotating bomb oxidation test (ASTM D 2272)
Drop the sample on a manifold that reached 374° C. to check for ignition

High-pressure spray 1gnition experiment-the Machinery Promotion Association
Technology Research Institute Act (Japan)

Lubricity test SRV test Measurement of Friction Coeflicient using a SRV tester
Friction Coeflicient (Test conditions: 1 mm, 200N, 40° C., 50 Hz)
SRV test Measurement of extreme pressure using a SRV tester

Extreme pressure
Shell 4-Ball
Abrasion resistance

Shell 4-Ball
Extreme pressure

(1) Evaluation of Physical Properties

Physical properties and performance were measured in
accordance with test conditions such as fish toxicity, oxida-
tion stability, flame retardancy, and lubricity of the flame-
retardant hydraulic o1l compositions prepared according to
Table 10 and the results were shown 1n Tables 8 to 9.

(2) Sprayed Fire Test Result

A sprayed fire test was performed according to high-
pressure spray ignition experiment—the Machinery Promo-
tion Association Technology Research Institute Act (Japan),
and 1s shown 1 FIG. 2. FIG. 2 shows 1images of Examples
3 to 7 and a commercially available petroleum-based prod-
uct.

(3) Measurement of Electricity Consumption According
to Use of Hydraulic Oil

The hydraulic o1l was changed to Examples 3-14 and a
mineral oi1l-based commercial product, and change of elec-
tricity consumption was measured and shown in FIG. 3.

Test Equipment: 850 Tons Die Casting

Referring to Tables 8 to 9, with respect to the environ-
mental-friendly flame-retardant hydraulic oil prepared by
adding the synthetic vegetable o1l (glycerin-ester) according
to the present disclosure as the lubricating base oi1l, and a
flame-retardant additive, an antioxidant, a thickening and
viscosity index enhancer, an anti-load and anti-abrasive
enhancer, a corrosion inhibitor, a pour point depressant, and
other modifiers, excellent results 1n fish toxicity (daphnia
magna test) test were obtained, excellent flame retardancy
performance was achieved, very excellent results in the SRV
test (friction, wear, vibration) and Shell 4-Ball test for the
hydraulic o1l were achieved, and very good result 1n anti-
oxidant performance was also obtained.

From the results of FIG. 2, 1t may be seen that the
environmental-friendly  flame-retardant  hydraulic o1l
according to the present disclosure was not burned, but the
mineral oil-based hydraulic o1l causes an explosive fire.
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(Test conditions: 2 mm, 40° C., 50 Hz, increase by 100N)
Abrasion resistance using a Shell 4-Ball tester

(Test conditions: 1200 rpm, 40 kgf, 75° C., 1 hrs)
Extreme pressure using a Shell 4-Ball tester

(Test conditions: 1720 rpm, room temperature, 10 s)

From the results of FIG. 3, 1t may be seen that the
environmental-fnendly  flame-retardant  hydraulic o1l
according to the present disclosure may reduce an average of
7.12% 1n change of electricity consumption compared to
petroleum-based hydraulic oils. This means that the envi-
ronmental-friendly flame-retardant hydraulic o1l according

to the present disclosure may be expected to be more stable
and energy-saving eflect when applied to actual industrial
equipment.

It 1s necessary that an environmental friendly hydraulic o1l
used 1n equipment 1s not only a standard for environmental
friendliness for biodegradability and fish toxicity, but also
allow to reduce the amount of electricity consumed while
equipment 1s driven, so that it may support stable contribu-
tions to carbon credits, but there have been no cases of actual
evaluation results on reduction 1n electricity consumption 1n
the reported hydraulic o1ls. However, when electric energy
consumed, when the synthetic vegetable hydraulic o1l
according to the present disclosure was applied to an 1ndus-
trial site, 1s compared with that of mineral oil-based anti-
abrasive hydraulic o1l (ISO VG 46 of ISO-L-HM specifica-
tion) of the related art, an average of about 7.12% of savings
may be obtained (FIG. 3), and this shows that it 1s possible
to provide a hydraulic o1l capable of actively coping with
energy reduction and ensuring stable operation of equipment
according to the present disclosure.

Example embodiments of the present disclosure may
provide a hydraulic o1l composition by adding a synthetic
vegetable o1l (glycerin-ester) prepared using fatty acid and
glycerin through a catalyst-free and nnsing-free process, and
by blending lubricating additives further improved and
developed 1n comparison with the related art, such as a
flame-retardant additive, an antioxidant, an anti-load and
anti-abrasive enhancer, a thickeming and viscosity index
enhancer, a pour point depressant, a corrosion nhibitor, and
other modifiers herewith. The hydraulic o1l composition




US 11,649,414 B2

27

may contribute to a substantial cost reduction associated
with an energy reduction by reducing carbon emissions due
to a reduction 1n electric energy consumption in a process of
using a hydraulic o1l (lubricating oi1l), may also guarantee
expansion of an application area as a hydraulic o1l and
extension ol a service life, and may sigmficantly reduce a
risk of fire by checking flame retardancy.

Furthermore, the present disclosure may actively cope
with emphasis on an athnity for the natural environment and
humans, energy reduction measures, and guarantee ol a
stable operation of equipment required 1 a process of
industrial development, may also reduce a risk of fire by
imparting flame retardancy, and may contribute to a sub-
stantial cost reduction due to its price competitiveness with
mineral oil-based lubricating o1ls.

As described above, while a few example embodiments
have been described with reference to certain drawings, it
will be apparent to those skilled in the art that various
technical modifications and variations may be made from
the foregoing descriptions. For example, adequate eflects
may be achieved even 11 the foregoing processes and meth-
ods are carried out 1n different orders than described above,
and/or the aforementioned elements, such as systems, struc-
tures, devices, or circuits are combined or coupled 1n dif-
ferent forms and modes than as described above or be
substituted or switched with other components or equiva-
lents.

Thus, other implementations, alternative embodiments
and equivalents to the claimed subject matter are construed
as being within the appended claims.

The invention claimed 1s:

1. A method of preparing a glycerin-ester-based lubricat-
ing base oi1l, the method comprising:

adding a fatty acid-containing material and a glycerin-

containing material to a reactor, and

synthesizing a glycerin-ester 1n an inert gas atmosphere

and at a reaction temperature of 100° C. to 350° C. 1n
the reaction and the reaction temperature has a plurality
of temperature sections comprising at least one of a first

10

15

20

25

30

35

28

temperature section of 100° C. to 180° C., a second
temperature section of 200° C. to 230° C., and a third
temperature section of 250° C. to 350° C.,

wherein the method 1s a catalyst-free and rinsing-free

process.

2. The method of claim 1, wherein

an amount of the inert gas to be added ranges from 10

liters to 1000 liters per minute, based on a synthesis
amount of 10000 liters, and

the amount of the imert gas to be added 1s adjusted

depending on the temperature sections.

3. The method of claim 2, wherein

the reaction temperature 1s raised to 50° C. when a free

fatty acid (FFA) content 1s reduced by 50%, and

the amount of the gas to be added 1s increased by 50% or

more when the FFA content 1s reduced by 50%.

4. The method of claim 3, wherein the synthesizing of the
glycerin-ester terminates a synthesis when the FFA content
1s 1.0 or less or 0.5 or less.

5. The method of claim 1, wherein the fatty acid-contain-
ing material 1s extracted from a natural vegetable oi1l, and
contains one or more of C10 to C22 fatty acids.

6. The method of claim 1, wherein the glycerin-ester 1s
represented by the following Formula 1:

|Formula 1]

O

JK/RI
HgC_O O

| )‘k/Rz
HC—0O" O

| ).I\/RB
H,C—O

wherein R, R, and R, are each a C8 to C20 saturated or
unsaturated fatty acid residue.

G o e = x
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